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Abstract 
Gasoline production by one-pot catalytic conversion of biomass derived sugar/polyol was investigated over 
bifunctional heterogeneous catalyst. Ni@HZSM-5/SG catalyst showed excellent performance of converting 
sugar/polyol to gasoline. The gasoline yield of 46.94% was obtained. Its composition and properties are similar to 
petroleum based gasoline. It provides a novel approach for the production of gasoline by one-pot aqueous phase 
catalytic conversion of sugar/polyol derived from biomass. 
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1. Introduction 
Increasing issues on the environmental pollution and rapid consumption of fossil resources innovate 
strategies to explore sustainable production of fuels from renewable materials [1-3]. Biomass is the 
abundant and renewable resources, which can be converted to fuels and chemicals. Hydrolysis is widely 
used to convert solid biomass into sugar, which can be used as feedstocks in food, pharmacy, and ethanol 
industry. However, acid hydrolysis of lignocellulosic biomass produces poor quality sugar solution, 
which is dilute and contains some byproducts. It prohibits the downstream utilization[4].  
Recently, aqueous phase catalytic process has been developed for direct conversion of sugar/polyol 
to liquid fuels [5-8]. Many metal/acid bifunctional catalysts have also been reported. The typical catalysts 
include Pt/SiO2-Al2O3[9], Pd/SiO2-Al2O3[10], Pt/Nb2O5[11], Pt/ZrO2-POx[12] and Ni/HZSM-5[13-15]. 
Compared to noble metal catalyst mentioned above, Ni/HZSM-5 catalyst was cheap, but poor 
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performance. Modification of Ni/HZSM-5 has been reported to improve its performance of converting 
sugar/polyol into hydrocarbons [13-15]. Recently, we found that biomass sugar polyol could be 
selectively converted to gasoline (C5-C12 alkanes) over the modified Ni/HZSM-5 catalyst by one-pot 
aqueous phase catalysis process. 
In this paper, the Ni/HZSM-5 catalysts modified by amorphous mesoporous materialsilica gel (SG) 
were used for one-pot selective conversion of sugar/polyol to gasoline at the temperature of 280-320đ. 
The performance on aqueous phase catalytic conversion of sugar/polyol to gasoline was investigated. 
2. Experimental 
2.1Catalyst preparation and characterization 
The catalyst was prepared by the incipient wetness impregnation method. HZSM-5 and silicon gel 
(SG) were supplied by Nankai University catalyst Co., Ltd. (Tianjin, China). Ni(NO3)2·6H2O (AR, 
99.9%) was supplied by Tianjin Fucheng Reagents (Tianjin, China). Prior to the preparation, HZSM-5 
(80-100 mesh, Si/Al atomic ratio of 38) and SG (100-120 mesh) were mixed with the weight ratio of 6 to 
4 in deionized water, followed by filtering and drying in air at 110qC for 12 h. The dried samples were 
calcined at 500qC for 6 h. Then the resulted sample was impregnated with an aqueous solution of nickel 
nitrate at room temperature for 12 h, followed by drying at 110 qC for 12 h. The dried sample was 
calcined at 500 qC for 6 h. The Ni loading was 10wt%, and thus the resulted catalyst was denoted as 
10%Ni@HZSM-5/SG. 
The crystalline structure of the catalysts were characterized by X-ray diffraction (XRD) (X Pert Pro 
MPD with Cu KĮ (Ȝ = 0.154 ) radiation, Philip) operated at 40 kV and 100 mA. Scanning angle (2ș) 
ranged from 5° to 80°.The BET surface area, external surface area and pore volume of catalysts were 
determined by nitrogen adsorption at 77 K using a QUADRASORB SI analyzer equipped with 
QuadraWin software system. All samples were degassed at 573 K for 8 h before adsorption 
measurements. After measurement, the surface area was calculated by the Brunauer-Emmett-Teller (BET) 
method and the mesoporous pore volume was calculated by the Barret-Joyner-Halenda (BJH) model. 
Micropore volume was calculated by the T-plot method. The acidity of the catalyst was measured by NH3 
temperature-programmed desorption (NH3-TPD) using a Micromeritics chemisorbs 2750 pulse 
chemisorption system with100 mg catalyst. 
2.2 Aqueous-phase catalytic reaction and products analysis 
The aqueous-phase catalytic reaction was carried out in a stainless steel tube reactor (0.8 cm inner 
diameter and 50 cm in length). 4 g of 10%Ni@HZSM-5/SG catalyst was filled in the reactor. Prior to 
reaction, the catalyst was reduced in situ by a flow of H2 (30 ml·min-1) at 500 qC for 3 h and then cooled 
down to reaction temperature. Meanwhile, H2 and reactant of sugar or polyol were co-fed into the reactor 
at the designed pressure. The liquid products were accumulated in a gas-liquid separator and drained 
periodically into a collecting container. The effluent gas was cooled to room temperature and sampled for 
analysis. 
The gaseous products were analyzed by an Agilent GC-7890A gas chromatograph (GS-GasPro 
capillary column, 60 m×0.32mm) equipped with a thermal conduct detector (TCD) and a flame ionization 
detector (FID). The aqueous phase species were analyzed by Waters Alliance e2695 HPLC with UV-Vis 
(Waters 2489) and Refractometer (Waters 2414) detector by using a Shodex SH1011 column (8× 300 
mm). 0.005 M H2SO4 as mobile phase flowed at a rate of 0.5 ml·min-1. The analysis of the oil products 
were performed on an Agilent GC-7890A gas chromatograph (HP inowax capillary column 19091N-
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133N, 30m×250ȝm×0.25ȝm) equipped with a mass spectrometer (5975C) by using 99.995% of He as the 
carrier gas. 
3.  Results and discussion 
3.1 Characterization of catalysts 
Table 1 listed the characterization of catalysts. The Pore size distribution, NH3-TPD, and XRD 
analysis (shown in the Fig.1) confirmed the physical and chemical characteristics of the catalysts. The 
Silica gel (SG) is an amorphous and mesoporous material with random pores (average pore size: 16.725 
nm) and low surface area (99.6m2.g-1). The Ni@HZSM-5/SG had the pore size of both HZSM-5 and 
silica gel. HZSM-5 is an acid zeolite (45.33umol.g-1), and widely used in the petroleum chemical industry. 
The total acid site of Ni@HZSM-5/SG was 31.67 umol.g-1. 
Table 1 The characterization of the catalysts 
Catalyst BET surface area(m2.g-1)
Average pore
diameter (nm)
Average
volume(cm3.g-1)
Total acid
Sites(umol.g-1)
HZSM-5 420.1 3.7 0.06 45.33 
SG 99.6 16.7 0.66 2.12 
Ni@HZSM-5/SG 266.0 5.7 0.28 31.67 
 
 
Fig.1 XRD analysis of the catalysts 
XRD was used to investigate the structure of the catalysts, and the patterns were shown in Fig.1.The 
peaks at 2© of 7.9e, 8.7e, 23.0e and 23.9e were attributed to the ZSM-5 zeolite crystal structure. 
However, a lot of attenuation was found on the peak intensity corresponding to Ni@HZSM-5/SG. 
Moreover, the diffraction peaks at 2© of 37.5e,43.4e and 63.2e were corresponded to [111], [200] 
and [220] crystal face of NiO, respectively. The BET surface area of Ni@HZSM-5/SG was 266.0 m2.g-1, 
which was between the HZSM-5 and SG. 
 
3.2 Performance on aqueous phase catalytic conversion of sugar/polyol to gasoline 
The aqueous phase catalytic conversion of polyol was carried out at 300 qC. The Ni@HZSM-5/SG 
could selectively convert polyol to long-chain alkanes(C5-C12). The oil products were shown in the Fig.2. 
Major species of the oil products include straight-chain paraffin (hexane, heptane, octane, nonane, decane, 
undecane, dodecane), small amount of branched paraffin (5-methyl-decane, 4-methyl-decane, 3-methyl-
decane, 5-methyl-undecane) and naphthenic hydrocarbons (Cyclohexane, and ethyl-Cyclohexane). 
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Fig.2 GC-MS analysis of oil products over Ni@HZSM-5/SG 
The maximum carbon yield of gas products was 62.69% with 25.59% of C5/ C6 selectivity. The 
maximum carbon yield of oil phase (C7-C12) was 21.35%. The typical gasoline is composed of C5-C12 
alkanes. So, the produced gasoline yield of 46.94% was obtained over Ni@HZSM-5/SG catalyst. For the 
produced gasoline, major components were alkane with carbon number of 10, 11, 12, which was formed 
by C-C coupling reaction.  The produced gasoline also contains little amount of aromatics,cyclic 
hydrocarbons, and oxy-compounds with low oxygen content, such as mono-alcohols (pentanol, hexanol), 
mono-ketone (2-hexanone, 3-hexanone), pentanoic acid and hexanoic acid. Major species in the aqueous 
phase included sorbitol˄C6H14O6˅, isosorbide(C6H10O4) and traince oxy-compounds with low 
oxygen content, such as C4H8O2, C5H10O2,C6H10O2 and C8H12O2. Lots of oxy-compounds with 
carbon number above 6 in aqueous phase were detected, such as C7H12O2 C8H12O2, C8H14O2, 
C9H12O2, and C12H18O2. 
The effect of temperature on alkane products distribution was shown in Fig. 3. Polyol conversion 
significantly increased with the temperature increase. The carbon yield of light alkane (C1-C4) also 
increased with the temperature increase. It indicated that high temperature favoured the  C-C scission. 
62.5% carbon yield of C1-C4 was obtained at 350đThe yield of C5-C12 alkanes increased with the 
temperature increase from 260đto 300đ Further increasing the temperature of above 300đresulted 
in the formation of aromatics and decreased the C5-C12 alkane yield. So, the optimal temperature for 
aqueous phase catalysis process of STG (sorbitol to gasoline) were 280-300đwhich is lower than the 
temperature (350-500ć)of the traditional MTG (methanol to gasoline) reaction. So, aqueous phase 
catalysis process of STG exhibited higher conversion efficiency. 
 
 
Fig.3 Effect of temperature on alkane products distribution 
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4.Conclusion 
In this work, biomass derived polyol  was selectively converted to gasoline (C5-C12 alkanes) in a 
fixed-bed reactor with Ni/HZSM-5 catalyst modified by amorphous mesoporous material silica-gel(SG). 
The mesoporous additives (SG) could enhance the carbon yield of long-chain alkanes (C5-C12). The 
maximum gasoline yield was 46.94% over Ni@HZSM-5/SG catalyst. This process of one-pot catalytic 
conversion of Lignocellulosic biomass derived sugar/polyol to gasoline integrated the deoxygenation, 
ketonization and aldol condensation reactions into a single reactor, which improved the conversion 
efficiency. 
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